To examine whether older adults aged 85+, with different health and functional capacities, cluster in different ways and to demonstrate whether individuals within particular clusters report differential mortality risk. DESIGN: Retrospective cohort study. SETTING: The Dynamic Analyses to Optimize Aging (DYNOPTA) project is a harmonization project of nine Australian longitudinal surveys of health and well-being in adults aged 50+ between 1991 and 2006. PARTICIPANTS: Participants were 685 older adults (female = 52%) living in the community and aged 85 to 103 at baseline who were followed until death or December 31, 2006, for survivors. MEASUREMENT: Latent class analysis (LCA) analyzed self-reported information on physical health, mental health, and functional capacity to define homogeneous classes based on probable cognitive impairment and depression status, medical conditions, and number of activities of daily living and instrumental activities of daily living. RESULTS: LCA discriminated four classes reflecting two main survival patterns. Two classes reported half the median survival days; differences between these classes were related to high vs moderate depression and extent of functional limitations. Two classes reported better survival; differences between these classes were related to functional limitations, but both had low proportions with depression and dementia. The classes with shorter survival were associated with substantively higher rates of depression and dementia. CONCLUSION: Higher rates of baseline depression and dementia were unique characteristics of those individuals in the clusters that reported shorter survival. However, a substantial proportion of very old adults experience good mental health with better survival outcomes.
T he proportion of adults surviving into their 80s, 90s, and centennial years is increasing and among the fastest growing age cohort worldwide. 1 Because older age is associated with increasing prevalence of chronic medical conditions, this increase in the proportion of adults reaching very late life has led to an increase in the incidence of age-associated diseases. 2, 3 It has been argued that human functioning in late life is not optimal because compensatory mechanisms are unable to counter age-related losses owing to decline in cognitive function, health status, mood, social connectedness, and limitations with daily activities. [4] [5] [6] In contrast, increasing evidence suggests that longevity does not necessarily correspond to inevitable disability and dependency among the oldest old, [7] [8] [9] possibly owing to higher mortality among those with disability and illness in earlier older adulthood. 10 Alternative perspectives emphasize capacity for psychological growth 11 and maintenance of positive functioning and independence regardless of disease state, [7] [8] [9] 12, 13 even in the years preceding death. 14, 15 It may be that as survivors relative to their birth cohort, older adults who reach very late life may report positive health and functional capacity despite increasing incidence of medical conditions. 7 The oldest old are therefore increasingly viewed as a unique population for whom more needs to be known regarding their capabilities and health status. Pessimistic generalizations of older adults' capacities are drawn from a limited research base that fails to capture adequately the heterogeneous nature of this population, in respect to their health and functional capacities. It is important to reevaluate generalizations of health, quality of life, and functional capacities of older adults in this late-life period.
We examined the health and functional capacity of people aged 85 years and older to determine the extent that different clusters of health and functional states are reported and whether these clusters are differentially related to mortality risk. Mortality is associated with a range of disease states and functional capacity in older adults, [16] [17] [18] but examination of multiple concurrent mental and physical health states and functional capacity in very late life is less clear. Previous findings used latent class analyses (LCAs) to attribute mortality risk to multimorbidity but typically in samples comprising young and old adults. 19, 20 These findings may not reflect the normative experience of very old adults.
METHODS

Participants
Data were from the DYNOPTA project, 21 a harmonization project of nine Australian longitudinal studies of aging. Harmonization addresses limitations of individual studies. 21 Data were primarily harmonized using the "by-fiat" method. 22 In this article, participants (n = 685) were aged 85 to 103 years at baseline and self-reported data through interview with trained interviewers or health workers/nurses on depression, cognition, activities of daily living (ADLs), instrumental activities of daily living (IADLs), and medical conditions. Self-report may overestimate the presence of medical conditions and functional limitations, but there is good/excellent sensitivity, specificity, and positive predictive values when compared with medical and service data. [23] [24] [25] [26] Participants from three contributing studies to the DYNOPTA project (Table S1 )-the Australian Longitudinal Study of Aging, the Canberra Longitudinal Study (CLS), and the Sydney Older Person Study (SOPS)-provided data for the current study. DYNOPTA studies differed in design (eg, simple random and stratified/cluster designs) and in their geographic and demographic coverage. For this article, participants reflected their local metropolitan populations and were not weighted to the national population.
Measures
Depression
No scale was common across the studies. The development of a harmonized DYNOPTA depression scale and binary indicator that reflects "probable depression" was described. 22, 23 Probable depression was derived for each measure (SF-36 and 12 Mental Component Scores, 27, 28 Centre for Epidemiological Studies Depression Scale, 29 and Psychogeriatric Assessment Scales 30 ) from established cutoffs. 31, 32 Activities of daily living and instrumental activities of daily living Total ADL and IADL scores were computed from three and four activities, respectively, with any limitation counted. Participants indicated the extent that health limited their capacity to undertake each activity independently (eg, ADL: dressing or bathing; IADL: meal preparation) using the response code (0 = not limited at all; 1 = limited a little; 3 = limited a lot).
Medical conditions
A count of medical conditions reflected participants' responses to five broad conditions. Given differences in the specificity of conditions measured in each study, conditions were broadly categorized as (1) endocrinal, nutritional, or metabolic condition; (2) circulatory condition; (3) respiratory condition; (4) musculoskeletal or connective tissue condition, or (5) cancer.
Dementia
The Mini-Mental State Examination (MMSE) 33 is a dementia screening instrument used in clinical and epidemiological research given its reported sensitivity and specificity for detecting probable dementia. 34, 35 In DYNOPTA, an MMSE cut point of 24 was validated as a proxy for probable dementia. 34, 36 CLS and SOPS provided clinical validation of this cut-off against the Diagnostic and Statistical Manual of Mental Disorders III-Revised (DSM-IIIR) 37 or the International Classification of Diseases, 10th revision (ICD-10) criteria 38 with sensitivity of 96% (confidence interval [CI] = 92%-99%) for CLS and 91% (CI = 88%-94%) for SOPS, and specificity of 75% (CI = 73%-75%) for CLS and 60% (CI = 58%-62%) for SOPS. 34 
Survival
DYNOPTA studies provided mortality status collected from the National Death Index, death notices, and informants. Time to death was calculated from participants' baseline observation until date of death or December 31, 2006, for right-censored participants (survivors).
Sociodemographic characteristics
We compared participants in symptom clusters across a number of characteristics: age, education (no post-school education [reference]; post-school nontertiary education; tertiary education), partner status (partnered [reference]; not partnered), accommodation (community living [reference]; residential home), and self-rated health (excellent/very good/good [reference]; fair/poor).
Statistical Analyses
Using Mplus v.7.1, 39 LCA 40 identified subpopulations that reflect degrees of functional capacity (ADLs, IADLS) and health status (probable depression, probable dementia, and medical conditions). LCA identifies unobserved population homogeneity and derives groups similar in response to the measured variables. 41 Equality constraints for means and variances of the latent class indicators were made, and covariances between indicators were constrained to zero. The number of classes to extract was determined by comparing model fit from solutions with varying numbers of classes. Comparison was made with the Lo-Mendell-Rubin (LMR) likelihood ratio test 42 and information criterion indices (eg, Bayesian Information Criterion [BIC]; Akaike's Information Criterion [AIC]). 43 Survival curves for these derived classes were estimated with a Cox regression model. Survival estimates of these latent class groups were compared with the estimates of the individual risk factors from a series of univariate and multivariate Cox regression models. The global parametric-hazards assumption was tested and found to hold (χ 2 (5) = 8.59; p = .126). Finally, a series of regression analyses compared classes on the health and functional indicators and sociodemographic characteristics.
LCA class probabilities are drawn from full-information maximum-likelihood estimates under the assumption of missing at random. 44 There were minimal missing data (<8%) across class indicators. Specifically, nonresponse was reported for 54 participants (7.9%) on depression, 45 (6.6%) on MMSE, 14 (2.0%) on medical conditions, 16 (2.3%) on ADLs, and 20 (2.9%) on IADLs. All participants responded to at least one indicator, and 604 participants (88.2%) provided complete responses. Analyses were reestimated with a series of Markov chain Monte Carlo multiple imputations that reflect random draws from the posterior distribution of missing values. 45 Results confirmed our initial LCA findings. Because the LMR test is not available with multiple-imputed data sets, the nonimputed LCA results are reported here.
RESULTS
Sociodemographic baseline characteristics of the participants are displayed in Table 1 . Participants were between 85 and 103 years of age. Most were widowed (69.4%), possessed secondary-level education (65.0%), living in the community (78.2%), and with excellent/very good selfrated health (62.7%). At baseline, 74% reported at least one medical condition, 70% and 48% reported no ADLs or no IADLs, respectively, and approximately 12% and 26% reported probable depression or dementia, respectively.
Latent Class Analyses of Indicators of Health Status and Functional Capacity
Results of several LCAs of the health indicators are reported in Table S2 . At baseline, up to a five-class model was estimated, but with 2000 random starts the loglikelihood could not be replicated, suggesting local maxima and that too many classes are being extracted. So we focused on the two-, three-, and four-class results. The Vong-Lo-Mendell-Rubin (VLMR) and LMR LRT suggest that models with increasing numbers of classes report better model fit. We note that with increasing model complexity, BIC values increase from those reported in the two-class model, whereas declines in the BIC-adjusted and AIC values support increasing the number of latent classes. Based on the better AIC, VLMR, and LMR LRT results for the fourclass model in contrast to the three-class model, further analyses focus on the four-class model.
To confirm these findings, we estimated the LCA analyses on those participants (n = 374) who were reinterviewed at the first follow-up (M [mean] = 28 mo [standard deviation [SD] = 8 mo]) using variables from the follow-up interview (Table S2) . As with the five-class model from the baseline analyses, the log-likelihood of a four-class model was not replicated with 2000 random starts. This is unsurprising because 48% of baseline class 1 participants, who reported the worst health and survival outcomes, had died. Those in the baseline class 1 who responded at follow-up were incorporated into class 2, now class 1 at follow-up.
Participants in the two classes with better survival remained in either one of the classes with better survival. Comparison of the model fit indicators, specifically the VLMR and LMR LRT tests, indicated superior fit of a three-class model over a two-class model. Lower κ values (κ = .46; standard error = .05) can be attributed to a number of participants in the healthier classes who switched between the two healthier classes at follow-up. Comparing participants' classification on a dichotomy between the poorer and better survival groups revealed that most participants (79.1%) were stable between baseline and follow-up.
Mortality Risk of Individual Risk Factors and Latent Risk Classes
A series of analyses compared the utility of the derived latent classes in comparison with the risk attributed to the individual health and functional factors of interest ( Table 2 ). All of the individual risk factors were significantly associated with survival. Multivariate analysis (model 1) indicated that the effects for two risk factors, depression and IADLs, were fully attenuated by the other risk factors. The effect sizes for the other risk factors in the multivariate model were comparable with their univariate risk.
The individual survival risk attributed to the baseline LCA classes was also examined (Table 3 ). In comparison with class 1, the class with the poorest survival, there were no differences in survival with class 2. Classes 3 and 
Sociodemographic, Functional, and Health Characteristics of Each Latent Class
Survival curves were plotted for the four baseline classes (Figure 1 ). Classes 3 and 4 reported comparable survival curves and reported significantly longer survival in contrast to participants in classes 1 and 2 who reported earlier mortality. Median and interquartile survival rates for each class are reported in Table S3 . A number of other differences between all four classes are also evident, although we note that two main survival patterns are evident. Posterior classification probabilities suggest that most participants were correctly classified. Those in classes 2 and 3 reported higher classification probabilities; those in classes 1 and 4 were lower but notably were more likely to report their next highest posterior classification in the most similar survival class (eg, 20% of class 4 participants reported their next higher posterior probabilities in class 3). Because there appeared to be two main survival patterns, we combined the four classes into two to compare those participants with steeper survival curves (classes 1 and 2) with those who reported longer survival (classes 3 and 4). A series of linear and logistic regression models (Table 4) indicated that classes with earlier mortality were more likely to be older, female, nonpartnered, have lower survival, higher ADL and IADL limitations, poor self-rated health, slightly higher medical conditions, and no tertiary education. Notably, those with earlier mortality were substantially more likely to report depression or dementia.
Comparison within the two main survival patterns revealed that among those with shorter survival, class 2 participants were slightly older (odds ratio [OR] = 1.09; 95% CI = 1.01-1.17; p = .029), female (OR = 3.50; 95% CI = 2.00-6.12; p < .001), not partnered (OR = 2.11; 95% CI = 1.17-3.83; p = .013), and reported medical conditions (OR = 1.44; 95% CI = 1.06-1.95; p = .020), difficulties with ADLs (OR = 15.57; 95% CI = 7.88-30.78) p < .001), probable depression (OR = 2.41; 95% CI = 1.30-4.46; p = .005), and dementia (OR = 3.89; 95% CI = 2.03-7.48; p < .001) in comparison with class 1 participants. In terms of the classes who reported longer survival (classes 3 and 4), class 4 participants were more likely to be female (OR = 2.22; 95% CI = 1.51-3.28; p < .001), not partnered (OR = 1.86; 95% CI = 1.24-2.78; p = .003), and report medical conditions (OR = 1.95; 95% CI = 1.55-2.45; p < .001) relative to class 3. Class 3 participants reported no ADLs, IADLs, or depression.
DISCUSSION
Although chronic disease and impaired functioning is common in late life, 2 the current article demonstrates the heterogeneity in older adults' health and functional capacities across a range of domains. Previous LCAs of multimorbidity states have examined how medical conditions cluster 19, 20 and are related to mortality risk, 46 but these studies typically include younger and older adults. Although the association between different risk factors and survival is known, [16] [17] [18] we are unaware of studies that have assessed survival for classes derived from different medical conditions, functional capacity, and mental health state concurrently, specifically in very old adults.
In the current study, LCA derived four classes, although there were two main survival patterns. Two classes reported steep declines in their survival, and two classes reported longer survival. Among those with the poorest survival outcomes, class 1 participants were physically healthy but mentally unwell, whereas class 2 participants reported poor levels across all health and functioning indicators. Of the classes reporting better survival, class 3 participants were in good physical health, and class 4 participants reported moderate levels of limitations and medical conditions, but of emphasis, participants in both of these classes were predominantly mentally healthy. Perhaps most notable Abbreviations: ADLs = activities of daily living; CI = confidence interval; HR = hazard ratio; IADLs = instrumental activities of daily living. Abbreviations: ADLs = activities of daily living; CI = confidence interval; HR = hazard ratio; IADLs = instrumental activities of daily living.
was that those with poorer survival outcomes were more likely to report poor mental health (ie, depression and/or dementia) at a rate of between 10 to 11 times over those participants in classes with better survival outcomes.
It is important to contrast findings from an LCA approach with more traditional regression methods that focus on the risk attributed to individual risk factors. 18 Whereas depression was identified as a defining feature of those reporting poorer survival, 18, 46 the findings from the current study suggest that depression itself was not an individual risk factor for survival in adjusted models but was highly prevalent, in combination with other health and functional limitations, among those participants in the latent classes with poorer survival outcomes. There is clearly utility in examining risk factor clusters because the mortality risk was substantially greater in the two classes reporting higher proportions of mental ill health. The findings also demonstrate that it was the combination of risk factors that was most important in predicting survival outcomes than was the mortality risk associated with individual risk factors.
A number of limitations are identified. There is need to consider how individuals transition between different classes. Unfortunately, the availability of sufficient longitudinal data in the very old is limited. In this study, around half the sample had either died or dropped out at first follow-up. Transitions into poor health states may occur between observation points, and such participants are lost to followup either due to mortality or moving into nursing or care homes. Selection effects may also impact the findings. Individuals who reach very late life are unique in having reached and surpassed life expectancy relative to their cohort. Recruitment of very old adults in population-based studies may reflect a healthy survivor effect. Unhealthy adults, particularly those in nursing care, may have lower likelihood of recruitment to the original studies and may be underrepresented. We recognize that the use of broad medical conditions lacks a capacity to discriminate between specific diseases. This is in part a consequence of utilizing harmonized data from different studies from which a common index is derived, often at the loss of specificity. However, it is important to emphasize that it was possible to discriminate classes of adults on health indicators and that these classes reported different survival outcomes. Finally, the adults in this study were all aged 85+ who participated in studies in the 1990s and 2000s; it is important to emphasize that these individuals are survivors of their cohorts. It cannot be assumed that these findings are applicable to future cohorts.
These results provide evidence that the experiences of several hundred Australian adults aged 85 years and older are heterogeneous in terms of patterns of health and functional capacity. Although most of the sample reported some degree of functional limitation and medical conditions, substantial differences between adults, particularly in terms of their mental health, were reported as significant features of those who reported poorer survival. To conclude, clinical utility of these findings may lie in identifying that individual risk factors are less important than the clusters of risk factors individuals reported. Specifically, functional limitations Abbreviations: ADLs = activities of daily living; CI = confidence interval; IADLs = instrumental activities of daily living; OR = odds ratio; SE = standard error.
and medical conditions may only confer mortality risk when individuals also report poor mental health.
